Abstract. New measurements of compressional and shear wave velocities to hydrostatic pressures of 1 GPa are summarized for 678 rocks. Emphasis was placed on obtaining highaccuracy velocity measurements, which are shown to be critical in calculating Poisson's ratios ITom velocities. The rocks have been divided into 29 major groups for which velocities, velocity ratios, and Poisson's ratios are presented at several pressures. Observed Poisson's ratios for the monomineralic rocks compare favorably with theoretical Pbisson's ratios calculated from single-crystal elastic constants. Plagioclase feldspar composition is important in understanding rock Poisson's ratios, since Poisson's ratio of albite increases from 0.28 to a predicted value of 0.31 for anorthite. Fe substitution for Mg in pyroxene and olivine also increases Poisson's ratio. Plotting rock compressional wave velocities versus Poisson's ratios reveals a triangular distribution bounded by quartzite with low compressional wave velocity and low Poisson's ratio, dunite with high compressional wave velocity and intermediate Poisson's ratio, and serpentinite with low compressional wave velocity and high Poisson's ratio. For common plutonic igneous rocks, there is a clear trend relating Poisson's ratio to composition, in which Poisson's ratio for granitic rocks increases from 0.24 to 0.29 as composition changes to gabbro and then decreases with decreasing plagioclase and increasing olivine contents to 0.25 in dunite. Changes in Poisson's ratio with progressive metamorphism of mafic and pelitic rocks correlate reasonably well with mineral reactions. There is no simple correlation between Poisson's ratio and felsic and mafic rock compositions; however, a linear correlation of increasing Poisson's ratio with decreasing Si02 content is observed for rocks with 55 to 75 wt % Si02. Average Poisson's ratios for continental and oceanic crusts are estimated to be 0.265 and 0.30, respectively.
Introduction
The importance of seismological determinations of Poisson's ratio values at various crustal levels is primary for understanding the petrologic nature of the Earth's crust. Early crustal seismic investigations often reported Poisson's ratios [e.g., Gutenberg, 1959] . These studies were seldom utilized, however, in a determinative manner other than as general constraints, for example, when observed values deviated appreciably from the commonly assumed value of 0.25. As laboratory-based compressional and shear wave velocity measurements for common rock types became available, it became apparent that a Poisson's ratio of 0.25, although approximately representative of some rocks, was based on a theoretical conception of matter bearing little relation to reality. Poisson's ratios determined from field measurements thus have the potential of providing valuable constraints on crustal composition. This is particularly important because the correlation between compressional wave velocity and composition is limited due to the similar compressional wave velocities of many common crustal rock types [e.g., Birch, 1960 Birch, , 1961 Christensen and Mooney, 1995] .
Recognizing the nonuniqueness of compressional wave velocity laboratory and field data comparisons, several papers have focused on investigations of crustal composition using Poisson's ratio.
These studies include investigations of Copyright 1996 by the American Geophysical Union.
Paper number 95JB03446. 0148-0227 /96/95JB-03446$05 .00 oceanic crustal petrology [e.g., Christensen, 1972; Spudich and Orcutt, 1980] , as well as estimates of continental crustal composition [e.g., Christensen and Fountain, 1975; Holbrook et al., 1988; Johnson and Hartman, 1991; Zandt and Ammon, 1995] . The subject of this paper is the use of Poisson's ratio to place constraints on continental crustal composition. I first review studies of single-crystal elasticity of common rockforming minerals, which are important in understanding rock Poisson's ratios. Important trends in Poisson's ratio with the chemistries of mineral solid solution series are discussed. A summary of Poisson's ratios for common rock types follows, with averages and standard deviations tabulated from a new data set which has been subdivided into 29 major rock types. Emphasis is placed on igneous and metamorphic rock properties. For a summary of Poisson's ratios of common sedimentary rocks, the reader is referred to the studies of Wilkens et al. [1984] and Johnston and Christensen [1992] . Finally, I examine the use of Poisson's ratio in placing constraints on crustal composition.
Rocks as Mineral Aggregates
If a rock cylinder undergoes tension or compression along its axis, its diameter (d) will change in the direction perpendicular to its length (/). Poisson's ratio (0'), the ratio ofradial contraction to axial elongation, is defined as -(/: well as incompressible solids, have CJ= 0.5. A negative value of CJimplies that a cylinder undergoing compression along its axis would contract simultaneously in all directions. Negative values of CJhave been observed for certain directions in single crystals [Svetlov et al., 1988] .
The relationship between Poisson's ratio and compressional wave velocity (Vp) and shear wave velocity (Vs) for an isotropic medium is given by (I) Note that if CJ= 0, V J Vs = .J2 and if CJ= 0.5, VJVs = 00.
A rock is an aggregate of minerals, and at sufficiently high pressures such that porosity is eliminated, a rock's Poisson's ratio is presumably related to the volume percentages of its mineral constituents and the Poisson's ratios of the minerals. Obtaining Poisson's ratios for common rock-forming minerals is complicated, however, by anisotropy. The number of elastic constants of single crystals is symmetry-dependent 1'\ and, unfortunately, many of the common rock-forming min-, erals have low symmetries, resulting in large numbers of elastic constants. For example, feldspars, which are the most abundant minerals in the Earth's crust, are either monoclinic or triclinic, with 13 and 21 elastic constants, respectively. Several methods have been proposed to average the elastic constants of a mineral in order to obtain average velocities which, in turn, can be used to obtain Poisson's ratio ITom equation (1) for a randomly oriented aggregate of the mineral. Voigt [1928] assumed that strain is uniform throughout the mineral and averaged the elastic constants (cij) over solid angles, whereas Reuss [1929] assumed that uniform local stress was operative and averaged the elastic compliances (Sij) over all directions. These averaging techniques yield bulk and shear moduli which, with density, allow the calculation of average compressional and shear velocities. Differences in the Voigt and Reuss averages are appreciable in highly anisotropic minerals. Often the arithmetic mean of the two, the Voigt-Reuss-HilI approximation, is used for calculating average properties of a quasi-isotropic solid. Another commonly used averaging scheme based on assemblages of composite spheres, that of Hashin and Shtrikman [1962] , provides upper and lower bounds that fall within the Voigt and Reuss averages.
Tn Table 1 , VJV, ratios and Poisson's ratios, calculated from velocities obtained ITom the averaging schemes discussed above, are given for a variety of rock-forming minerals. The data in Table 1 were obtained from elastic constants measured at room temperature and atmospheric pressure. Many of the measurements were made on crack free gem quality crystals. Pressure and temperature derivatives of the elastic constants have been investigated for only a few of these minerals and will be discussed later in this paper. Several techniques, including the ultrasonic pulse and resonance methods and, more recently, Brillouin scattering, have been utilized to measure the elastic constants [Schreiber et al., 1973] . The quality of the data is variable and likely highest for minerals with orthorhombic and higher symmetries. Chemical analyses were not reported in many of the earlier studies, which include important rock-forming silicates such as the feldspars, hornblende, and several of the pyroxenes of Table 1 . 4 1----\OO\O-V)Noor-I£)"""'~~r-t-O\("f') oc:oc;oc;~oc;oc;~r-:
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OQO\t'"--V)M"","t-OO-"':tMO~~O-tr)'t')Õ r--:~r--:~~r--:~oc:oc: Two chemically related trends in Poisson's ratio are evident from Table 1 . First, there is a systematic increase in Poisson's ratio with anorthite content of the plagioclase feldspars (Figure 1 ). Poisson's ratio of albite increases trom 0.279 to a predicted value of 0.314 for anorthite. Plagioclase feldspar is a major constituent of many common crustal igneous and metamorphic rocks, and consideration of the anorthite content is important in understanding Poisson's ratios ofthese rocks. For example, in plutonic igneous rocks, plagioclase composition changes from albite-rich in granite, through andesine (30% to 50% anorthite) in diorite, to a composition generally in the labradorite range (50% to 70% anorthite) for gabbro. In addition, progressive metamorphism can be accompanied by systematic changes in plagioclase composition. Anorthite-rich plagioclase in basalt breaks down to albite at low metamorphic grades, which increases in anorthite content to andesine in amphibolites and labradorite in mafic granulites. Thus, during progressive metamorphism of mafic rocks, plagioclase should contribute to a gradual increase in Poisson's ratio from zeolite facies assemblages to the granulite facies. The influence of plagioclase composition on rock Poisson's ratios will be discussed in more detail in the following sections.
A second chemical trend in Poisson's ratio is due to Fe-Mg substitution in pyroxenes and olivines (Table 1 ). The orthopyroxenes (enstatite, bronzite, orthoferrosilite) show an increase in Poisson's ratio from 0.209 in MgSi03 (enstatite) to 0.280 in FeSi03 (orthoferrosilite). In the olivine series, Poisson's ratio increases systematically trom 0.240 in MgzSi04 (forsterite) to 0.336 in FezSi04 (fayalite). Figure 2 illustrates this latter trend for the three olivine compositions given in Table 1 . The vertical error bars on each data point in Figures 1 and 2 are error estimates for Voigt-Reuss-Hill averages. [Birch, 1960] in which arrival times of compressional and shear waves are measured and velocities are calculated trom sample lengths and travel times. Velocity measurements at elevated hydrostatic pressures are essential because crack porosity in most rocks does not close until pressures of 100 to 200 MPa are reached. Consequently, large discrepancies in Poisson's ratios are observed when values are calculated from velocities obtained at low pressures.
Average velocities, densities, and their standard deviations at pressures to I OPa, corrected for change of dimensions under pressure, are presented in Table 2 for a variety of common rock types. The data set summarizes velocity measurements on 1875 cores taken trom 678 rock samples. This represents a subset of rocks for which compressional wave velocities were presented by Christensen and Mooney [1995] . The rocks have been divided into 29 major groups, details of which are given by Christensen and Mooney. Classification has been kept as simple as possible. For each rock sample, with the exception of a few isotropic granites and basalts, compressional wave velocities were measured in three directions and averaged. Three cores, cut in mutually perpendicular directions, were taken from most samples with core orientations controlled by rock symmetry [Birch, 1960; Christensen, 1966a; Christensen and Szymanski, 1988] . For anisotropic samples, shear wave splitting measurements were obtained for each core and shear wave velocities for each rock Table 1 . were averaged from the six velocity measurements at a given pressure. Velocity ratios and Poisson's ratios are given in Table 3 at five pressures. Early measurements of shear wave velocities were often the subject of much uncertainty. Onsets of first arrivals were gradual and shear wave splitting was not investigated, giving rise to shear velocity accuracies of several percent [Kanamori and Mizutani, 1965; Christensen and Shaw, 1970] . Improved transducers and techniques for velocity measurements [Christensen, 1985] have significantly increased both compressional and shear wave velocity accuracies to approximately 1/2%. This is particularly important for calculations of Poisson ratios from velocity measurements.
Rearranging equation (1) gives where 11= V IV." it follows that
A plot ofj(V/V,) versus ViV,o (Figure 3) shows that larger errors in cr calculated ITom velocity measurements occur for rocks with low velocity ratios (low Poisson's ratios). The insert in Figure 3 givesj{V/Vs) for common rocks with velocity ratios ranging from 1.50 (quartzite) to 2.12 (serpentinite). For an average rock velocity ratio of 1.78 (cr = 0.27), 1/2% errors in Vp and Vs measurements give a maximum error in Poisson's ratio of 2.5% (:t 0.005), whereas errors of 2% in both Vp and V.I' can result in an error of over 9% (:t 0.024) in Poisson's ratio. This is an important consideration in calculations of Poisson's ratios, both from laboratory and field velocities.
Constraints on Crustal Composition
The compilations presented in Tables 1-3 provide several generalizations on the correlation between Poisson's ratio and composition. In this section we examine the roles of pressure, temperature, mineralogy, petrology, and chemistry in determining Poisson's ratios.
Pressure and Temperature Effects
In using Poisson's ratio to place constraints on crustal petrology, it is important to understand how Poisson's ratio varies with pressure and temperature.
The compilation in Table 3 provides information on the pressure dependence of Poisson's ratio to pressures equivalent to depths of approxi- mately 35 kIn (1 OPa) for major rock types. Figure 4 illustrates this for several lithologies. There is a slight, barely significant, increase in Poisson's ratio with increasing pressure. Values at low pressures (below 100 MPa) not shown in Figure 4 show considerable scatter due to porosity.
Laboratory data on the influence of temperature on Poisson's ratio are rather limited. In Figure 5 Figure 6 ). From 20°C to 700°C, the average increase in Poisson's ratio for the eight rocks in Figure 6 is 1.0%, which is within the experimental error. Poisson's ratio of quartzite shows a significant decrease in the 200°C to 500°C temperature range associated with the quartz a-j3 phase transition [Kern, 1982] . Quartzbearing granite and granulite, however, show only slight decreases in Poisson's ratio with increasing temperature up to 500°C. Since both pressure and temperature dependencies appear to be small for most rocks, laboratory determinations of Poisson's ratios should be directly applicable over a wide range of crustal depths.
Mineral and Rock Comparisons
We can make comparisons for the monomineralic rock averages included in Table 3 with theoretical Poisson's ratios calculated from single crystal elastic constants. These comparisons are summarized in Table 4 . The agreement is remarkably good, considering the theoretical uncertainties in calculating average velocities from single-crystal elastic constants, the low symmetries of the single crystals, and the Table 3. compositional variability inherent to several of the minerals, in particular, plagioclase, amphibole, and pyroxene. Part of the differences in Table 4 is likely due to the presence of accessory minerals in many of the rocks. Petrographic examination and chemical analyses of the quartzites show the presence of traces of feldspar which would slightly increase Poisson's ratio. The average plagioclase composition of the anorthosites is An6o, slightly higher than the single-crystal value used for comparison in Table 4 . The largest discrepancy is for hornblende, which may be due to differences in chemistry ofthe mineral and rock samples. Chemistry for the single-crystal hornblende was not reported by Alexandrov and Ryzhova [1961b) . Olivine compositions of the dunites are 0.40 similar to those of the single crystal (Fo93); however, the rocks usually contain a few percent chromite and, for some samples, a trace of serpentine, both of which slightly increase Poisson's ratio. It is concluded that given the constituent mineralogy of a rock, single-crystal data can be used to estimate the expected rock value of Poisson's ratio.
Rock Variability
For the rock types of Table 2 , average compressional wave velocities at 600 MPa are plotted versus shear wave velocities in Figure 7 . Standard deviations are given in Table 2 . Also shown in Figure 7 TemperatureCOc) Figure 6 . Poisson's ratio versus temperature for rocks at 600 MPa confining pressure [Kern and Richter, 1981] . Plotting Poisson's ratio versus compressional wave velocity provides a slightly different perspective on the variations of Poisson's ratio for common lithologies (Figure 8) . The diagram shows a triangular distribution, which bounds most common rock values: first, quartzite (QTZ) with low velocity and low Poisson's ratio; second, dunite (DUN) with high velocity and intermediate Poisson's ratio; and third, serpentinite (SER) with low velocity and high Poisson's ratio. Another important rock type in this diagram is anorthosite (ANa) with an intermediate velocity, but a high Poisson's ratio. The granite-granodiorite and granitic gneiss fall, as expected, between anorthosite and quartzite, but with Poisson's ratios closer to anorthosite, reflecting the relatively high feldspar-quartz ratios of these rocks. Note that the Poisson's ratio of microcline given in Table 1 is similar to As shown in Figure 8 , several rock types with similar compressional wave velocities have quite different Poisson's ratios. For example, average velocities at 600 MPa of slate (SL T), phyllite (PHY) and granite-granodiorite (GRA) are all approximately 6.3 km/s; but average Poisson's ratios for slate, phyllite, and granite-granodiorite are 0.30, 0.265, and 0.24, respectively.
Also, amphibolite (AMP), mafic granulite (MGR), and anorthosite (ANa) have similar velocities of approximately 7.0 kmls at 600 MPa. Average Poisson's ratio, however, is relatively low for amphibolite (0.26), intermediate for mafic granulite (0.28), and high for anorthosite (0.31).
A plot of shear wave. velocities at 600 MPa versus Poisson's ratios is shown in Figure 9 . Important differences between Figures 8 and 9 originate from the high shear wave velocity of quartz, which affects the relative positions of quartz bearing rocks (e.g., granite-granodiorite (GRA) and granitic gneiss (GGN». Note the high shear wave velocity of quartzite (4.05 km/s), which is greater than that of mafic rocks, including gabbro (GAB), garnet granulite (GGR), and amphibolite (AMP). Figure 10 illustrates the relation between Poisson's ratio and density. There are many similarities between Figures 8 and 10. Notable differences, however, include the positions of anorthosite (ANa), with its relatively high compressional wave velocity and low density, and eclogite (ECL). Eclogite has the highest density of the data set but not the highest velocity.
In the following sections, we examine in more detail variations in Poisson's ratios for igneous rocks and the influence of metamorphic grade on Poisson's ratio.
Igneous Rocks
Poisson's ratios of volcanic rocks are highly variable. This is due to many factors that also produce wide ranges in velocities for these rocks. Alteration is common and many of the alteration products have quite different elastic properties than the parent rocks. Porosity is usually high in volcanic rocks and a significant proportion of porosity is often in the form of small vesicles, which do not close with applied hydro-static pressure [Birch, 1961] . Glass is also a common constituent of many volcanic rocks. There is a clear trend relating Poisson's ratio with composition for common plutonic igneous rocks. In Figure 8 , relatively low Poisson's ratios of granitic rocks (-0.24) increase to 0.27 as the mineralogy changes to that of diorite (DlO). The transition between diorite and gabbro (GAB) is accompanied by a further increase in Poisson's ratio to 0.295.
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The low value of granite is in agreement with mineral Poisson's ratios, as discussed earlier, and related primarily to the significant quartz content of granites. The transition from granite to gabbro is accompanied by (I) decreasing modal quartz and (2) an increase in the anorthite content of plagio-.
clase feldspar, both of which increase Poisson's ratio. Many mafic and ultramafic igneous intrusions contain gabbro and peridotite or dunite which have originated from magmatic differentiation. A gradual change from gabbro to olivine-rich gabbro and dunite lowers the Poisson's ratio to approximately 0.26 (Figure 8) [1961] , are based on the mineral volume percentages shown in Figure 11 and the atmospheric pressure Voigt-Reuss-Hill single crystal averages of 
Metamorphic Rocks
Metamorphism is an important crustal process, often producing major changes in mineralogy and physical properties. For many rocks these changes are quite complex and sensitive not only to P-T conditions but also to bulk rock chemistry and crustal fluids [e.g., Yardley, 1989] . At present. a comprehensive discussion of Poisson's ratios for metamorphic assemblages is difficult due to the limited information on the elastic properties of several important metamorphic minerals. Based on the data in Table 3 , however, it is possible to make some preliminary observations on how Poisson's ratio may aid in the interpretation of seismic data from metamorphic crustal regions. The following discussion will be limited to relations between Poisson's ratio and lithology for relatively common metamorphic assemblages.
A simple metamorphic reaction that has importance in oceanic crustal studies is the serpentinization of peridotite [Hess, 1962; Christensen, 1972] . Changes in elastic properties with serpentinization were well documented several years ago by compressional wave velocity studies of Birch [1960, 1961] and shear wave velocity and Poisson's ratio studies of Christensen [l966b] .
As dunite (a = 0.25) is hydrated to serpentinite, there is a progressive change in Poisson's ratio to 0.36 (Table 3 and Figure 8 ). Partially serpentinized dunites and peridotites have Poisson's ratios that fall between these limiting values and establish a well-defined relationship between Poisson's ratio, percent serpentinization, and density [Christensen, 1966b] . It is generally agreed that major portions of the oceanic crust and the lower continental crust contain rocks of mafic composition [Swijt and Stephen, 1993; Christensen and Mooney, 1995] . Metamorphism has been shown to be an important process in the sheeted dike section of the oceanic crust[e.g., Detrick et al., 1994] and in mafic portions of exposed sections of middle to lower crustal rocks [e.g. , Percival etal., 1992] . Average Poisson's ratios for a variety of mafic rocks in Table 3 show major changes with increasing metamorphic grade. Initially high Poisson's ratios of low-grade mafic rocks (-0.29) decrease significantly to 0.26 for greenschist and amphibolite facies rocks. The transition to the granulite facies is accompanied by an increase in Poisson's ratio to 0.:?8 followed by a slight decrease to 0.27 as eclogite facies assemblages become stable.
The path of Poisson's ratio outlined above is related to many complex mineral reactions, the most important of which for seismic properties involve changes in the abundances and composition of plagioclase feldspar. Recalling that Poisson's ratio increases with anorthite content and is relatively high for plagioclase (Table I and Figure 1) , the initial decrease in Poisson's ratio in the low grade mafic rocks originates in part from the breakdown of Ca-rich plagioclase of basalt to Narich plagioclase in the prehnite-pumpellyite and greenschist facies assemblages. Plagioclase in the amphibolites is still relatively Na-rich (andesine) and comprises only about 30% of the rock by volume. Progressive metamorphism of amp hibolite to mafic granulite is accompanied by increases in the anorthite content of the feldspar and the amount of feldspar, both of which increase Poisson's ratio. The amount of plagioclase as well as the anorthite content decreases in the transition from mafic granulite to eclogite, thereby decreasing the Poisson's ratio. Garnet with a Poisson's ratio of approximately 0.27 (Table I) becomes abundant in eclogite.
The mafic granulite-eclogite transformation is considered to be important in some continental regions as an explanation for the increase in seismic velocities at the Mohorovicic discontinuity [Griffin and O'Reilly, 1987] . The changes in mineralogy accompanying this phase change for a quartz tholeiite are shown in Figure 12 . Velocities and Poisson's ratios calculated from the atmospheric pressure single-crystal data of Table 1 show significant increases in velocities and a drop in Poisson's ratio with increasing metamorphic grade ( Figure  12 ). Note that compressional wave velocities and Poisson's ratios calculated for eclogite in Figure 12 are significantly lower than eclogite values in Tables 2 and 3 . The calculated seismic properties are for eclogite with a much higher quartz content than the average eclogite of Tables 2 and 3. Poisson's ratio changes associated with progressive metamorphism of pelitic rocks appear to be relatively simple, compared to the above example for mafic rocks. The high Poisson's ratios of slates (0.30) are likely related to the abundance of clay minerals.
With the development of mica, Poisson's ratios decrease to 0.27 in phyllite and mica quartz schist and remain constant with further increases in metamorphic grade to paragranulite (a = 0.27, Table 3 ).
Mineralogies and seismic properties of various metabasic rocks and pelitic rocks are summarized in Table 5 for several metamorphic facies. The critical mineral assemblages of each facies [Yardley, 1989] are in order of increasing metamorphic grade.
Average velocities and Poisson's ratios are from
Pressure ( Figure 12 . Changes in mineralogy associated with the transition from pyroxene granulite to quartz eclogite for a quartz tholeiite [Ringwood and Green, 1966) . The accompanying changes in velocities and Poisson's ratio have been calculated from the Voigt-Reuss-Hill mineral velocities of Table 1. 0.5 2.5 3.0 Tables 2 and 3 . The eclogite facies data were obtained by extrapolation to 1.5 Opa. The above discussion assumes that rocks are isotropic to seismic wave propagation.
Anisotropy is generally low in igneous rocks and in high-grade metamorphic rocks of the granulite facies [Christensen and Fountain, 1975; Christensen and Mooney, 1995) . Furthermore, no conclusive measurements of lower crustal anisotropy have been reported [Holbrook et al., 1992) . Many low-and intermediate-grade metamorphic rocks are, however, highly anisotropic due to preferred mineral orientations [e.g., Birch, 1960] , and crustal anisotropy has been observed in upper crustal regions where low-to medium-grade anisotropic rocks are exposed on the surface [e.g., Brocher and Christensen, 1990] . Future detailed studies of compressional and shear wave anisotropies in similar crustal regions will be of key importance, since many propagation directions will yield two velocity ratios to provide constraints on composition.
Silica Content
The low Poisson's ratio for quartz is primarily responsible for the relatively low Poisson's ratios of granitic rocks [Birch, 1961] . This observation has been the focus of several papers dealing with crustal composition [e.g., Christensen and Fountain, 1975; Holbrook et al., 1988; Johnson and Hartman, 1991; Holbrook et al., 1992; White et aI., 1992] . Often correlations of Poisson's ratio with quartz content are related interchangeably with silica content [e.g., Tarkov and Vavakin, 1982; Clarke and Silver, 1993) . For most rocks, quartz content is a function of bulk chemistry, in particular silica content; however, some exceptions are notable. For example, cristobalite and/or tridymite, rather than quartz, are abundant in many siliceous volcanic rocks. Rhyolites often have high Poisson's ratios even though their chemistries are practically identical to granites with low Poisson's ratios [Christensen, 1982) .
The correlation between Poisson's ratio and silica content is illustrated in Figure 13 , where average silica contents determined from bulk chemical analyses of the rocks of Table  3 have been plotted versus Poisson's ratio at 600 MPa. All lithologies of Table 3 have been included in the figure, except marble and the volcanic rocks. Two regions are important in this diagram. First, rocks with 55% to 75% SiOz show a linear increase in Poisson's ratio with decreasing silica content. A least squares linear fit, percent SiOz = 139.0 -276.0 cr, has been fitted to these rocks at 600 MPa. The coefficient of determination (r2) is 0.93 for this subset. This solution is shown as the solid line in Figure 13 . Also shown is a curved line fit, percent SiOz = 100.9 + 496.9crz, which includes quartzite as a data set (r2 = 0.99).
A second region in Figure 13 , with silica contents of 40% to 55%, shows much scatter.
Note the relatively high Poisson's ratios of anorthosite (ANO) and the low Poisson's ratios of hornblendite (HBL), dunite (DUN), and pyroxenite (PYX). To a first approximation the correlation of Poisson's ratio with silica content holds remarkably well over the range of 55% to 75% SiOz. Because several mafic lithologies, as well as ultramafic hornblendite and dunite, have relatively low Poisson's ratios, there is no simple correlation between Poisson's ratio and felsic and mafic compositions, as is generally assumed [e.g., Boland and Ellis, 1991; Ward and Warner, 1991) .
Plots of compressional and shear wave velocities versus weight percent SiOz show a similar scattering to that of Figure 13 for rocks with SiOz contents below 55%. For rocks with SiOz contents above 55%, compressional wave velocities decrease and shear wave velocities increase with increasing percentages ofSiOz.
Average Crustal Poisson's Ratios
A variety of techniques has been recently used to estimate average crustal Poisson's ratios (a c), Braile et _al. [1989] combined average crustal shear wave velocities (VJ derived from surface wave dispersion experiplents with average crustal compressional wave velocities The average Poisson's ratio for these 64 stations is 0.258::!: 0.034. In their summary of worldwide crustal seismic properties, Holbrook et al. [1992] compiled 11 values of a c from wide-angle P and S wave studies. These stations, which were geographically restricted to shields, rifts, Coleman, 1977] . The Kohistan section in northern Pakistan also records a nearly continuous exposilre of an accreted arc terrane. For these sections, velocity profiles have been constructed in detail from compressional and shear wave velocity measurements on samples collected from known stratigraphic levels [Salisbury and Christensen, 1978; Christensen and Salisbury, 1982; Christensen and Smewing, 1981; Miller and Christensen, 1994] . Mean crustal velocities corrected for temperature and mean Poisson's ratios are suminarized in Table 6 for these sections. In oceanic crust, the relatively high average Poisson's ratios originate from the high Poisson's ratios of the major lithologies constituting the crust, basalt, diabase, and gabbro (Table 3) and are in reasonable agreement with a 0.32 Poisson's ratio measured by Bratt and Solomon [1984] using converted arrivals recorded by ocean bottom seismometers near the East Pacific Rise at lIoN. The oceanic averages of and Ammon [1995] for island arcs is 6.75 km/s, in good agreement wIth that of the Kohistan arc (Table 6 ). Their cr c of 0.31 :!: 0.05 is considerably higher than the 0.27 of Miller and Christensen [1994] ; however, the Kohistan value falls within one standard deviation of the teleseismic observations. Estimates of average continental crustal velocities and an average continental crustal Poisson's ratio are also presented in Table 6 , based on the recent crustal petrologic model of Christensen and Mooney [1995] . In this study an average continental crustal compressional wave velocity-depth profile, derived from a worldwide compilation of 560 seismic studies, was compared with laboratory compressional wave velocity measurements of major continental rock types. A crustal petrologic model was constructed consistent with common lithologies found in crustal cross sections and xenolith localities. Proportions of the crustal rocks were adjusted such that average velocities at all depths were matched with the average crustal velocity-depth curve. The model [Christensen and Mooney, 1995, Figure 19 ] consists of an upper granitic crust which becomes increasingly tonalitic with depth. At midcrustal regions of 15 to 25 km depth, major lithologies are amphibolite facies rocks, consisting of granitic gneiss, biotite (tonalitic) gneiss, and amphibolite. At greater depths, mafic ,granulite gradually becomes abundant with mafic garnet granulite present immediately above the Mohorovicic discontinuity. Using the Poisson's ratio averages of Table 3 , we find that Poisson's ratio will vary with depth on this model from 0.253 in the upper crust to 0.279 in the lowermost crust, with a maximum value of 0.283 at a depth of 30 km. The average crustal Poisson's ratio fof this 40-km-thick average continental crustal model is 0.265, in good agreement with the average Poisson's ratio of 0.27 observed by Zandt and Ammon [1995] .
Conclusions
The new Poisson's ratio averages presented in this paper provide a modern database for evaluating seismological ob-A u t h o r ' s P e r s o n a l C o p y servations of P and S wave velocities in the crystalline crust. The rock values of Poisson's ratio at confining pressures above 200 MPa are shown to be primarily controlled by mineralogy. Plagioclase feldspar composition is important, as well as the Fe-Mg ratios of pyroxenes and olivine. Reasonable agreement exists between the Poisson's ratios of monomineralic rocks and those calculated from single-crystal elastic constants.
Emphasis has been placed on the correlation of Poisson's ratio with simple mineralogical and chemical variables, with the objective of interpreting crustal seismological data. Poisson's ratios of igneous rocks are shown to change systematically with mineralogy. Progressive metamorphism can also produce significant changes in Poisson's ratios, which correlate qualitatively with mineralogical changes. Rocks with SiOz contents between 55% and 75% show a linear decrease in Poisson's ratio with increasing weight percent SiOz. It thus appears that measurements of upper continental crustal Poisson's ratios can provide valuable information on crustal chemistry in regions where mafic rocks are absent. Rocks with SiOz contents less than 55%, many of which are likely abundant lower crustal and upper mantle lithologies, however, have a wide range of Poisson's ratios, with no correlation with SiOz content.
Recently, there have been many valuable field studies of crustal Poisson's ratios using a variety of seismic techniques, including refraction and wide angle reflection studies [e.g., Holbrook et ai., 1988; Boland and Ellis, 1991] , near-normal incidence reflection data [Ward and Warner, 1991; Pratt et ai., 1993] , seismic tomography [White et al., 1992] , and teleseismic data [Clarke and Silver, 1993; Zandt and Ammon, 1995] . The significance of these and future studies will grow, especially when the field measurements are combined with laboratory studies to provide improved constraints on crustal composition necessary to better understand crustal genesis and evolution.
The newly presented rock Poisson ratio averages (Table 3) , when combined with Vp measurements (Figure 8 ), can lead to improved predictions of composition from seismic field studies. Equations (3) and (4) show, however, that at present many refraction measurements are unlikely to provide much greater resolution in Poisson's ratio than ::to.02. Future field measurements must be designed to improve data quality. To accomplish this, it is desirable to conduct experiments which employ a variety of techniques at a single location. For example, the new teleseismic and vertical reflection methods, which measure velocity ratios very accurately, should be applied at the same locations as high-resolution wide-angle refraction measurements.
Such studies will be of prime importance in increasing our knowledge of crustal petrology. 
